We develop a method based on ratios of amplitudes measured at adjacent stations to determine local amplification of surface waves across an array of seismic stations. We isolate the effects of local structure from those of the earthquake and propagation by systematic averaging of ratios corresponding to many sources. We apply the method to data recorded on the USArray 
earthquake and propagation by systematic averaging of ratios corresponding to many sources. We apply the method to data recorded on the USArray including both attenuation and elastic focusing (Selby and Woodhouse, 2000) .
24
The majority of surface-wave amplitude studies have focused on constraining 25 anelastic structure of the crust and upper mantle. Previous studies that have 26 developed global models of surface-wave attenuation include Durek et al.
27
(1993), Selby and Woodhouse (2002) , Gung and Romanowicz (2004) , and 28 Dalton and Ekström (2006b) . The use of amplitude measurements to infer 29 elastic structure has been less common (e.g., Dalton and Ekström, 2006a) .
30
In addition to propagation effects, recorded surface-wave amplitudes in-
31
clude an amplification factor that depends on the instrument response and
32
Earth structure local to the station. Ideally, the instrument response is 33 known perfectly, and the receiver factor can be attributed entirely to Earth 34 structure. Unfortunately, the absolute instrument gain is difficult to measure The Earth structure contribution to the receiver-amplitude factor is a 45 local effect that depends on the elastic structure beneath the station (e.g.,
46
Wang and Dahlen, 1994; Ferreira and Woodhouse, 2007b 
where u(ω) denotes the recorded displacement at the station, and A(ω) and 84 Φ(ω) are the amplitude and phase, respectively. The amplitude of the seis-
85
mogram can be considered to be a product of four separate effects;
where A S (ω) is the effect of the source, A R (ω) is the effect of the receiver,
87
A F (ω) is the effect of geometric spreading and focusing, and A Q (ω) is the ef-88 fect of attenuation (e.g., Dalton and Ekström, 2006b all quantities still depend on the frequency, ω.);
For a given earthquake and station pair, all amplitude effects will contribute 100 to the observed ratio. 
where N E is the total number of earthquakes recorded on both stations in 115 the pair.
116
We wish to attribute the average datum,d ij , to the difference between 117 the local receiver effect at each station in the pair, ln(A R,i ) − ln(A R,j ). The 118 cancellation of source and path effects in the averaging should work best for 119 stations that are separated by a small distance, for which the surface waves 120 generated by a single earthquake have traveled along nearly identical paths.
121
Ideally, the station separation is a fraction of the wavelength of the wave and
122
of any local complexity in the wavefield.
123
In the surface-wave ray-theoretical framework, the receiver-amplitude fac-124 tor, A R , is a function of the local radial elastic structure and has two con-
125
tributing factors (e.g., Tromp and Dahlen, 1992; Wang and Dahlen, 1994) .
126
First, the surface amplitudes of the displacement eigenfunction vary depend-127 ing on the local structure. A second, typically smaller, effect is related to 128 the local speed of propagation. Given a radial profile taken from a three-129 dimensional Earth model, a predicted receiver-amplification factor can be 130 calculated for a specific location;
where D and D 0 are the displacement eigenfunctions for the receiver location 
Data and Analysis

140
The data used in this study are recordings on the USArray of earthquakes typically leads to about 20-30 station neighbors.
178
To suppress the source and path effects in the average logarithmic ampli-179 tude ratios, a sufficiently large number of recorded events must be included.
180
After experimentation, we selected ten as the minimum number of earth-
181
quakes for the analysis. The station pairs that are excluded from our selec-182 tion as a consequence of this criterion are primarily located on the eastern 183 edge of the array, for which there is the least amount of data. 
where A R,i and A R,j are the station amplification factors that are inverted 
225
The variance reduction is slightly lower at short periods, which could be 
302
The sensitivity kernels in Figure 1 illustrate the difficulties of directly as- , 1997; Bassin et al., 2000) .
312
In order to investigate the extent to which our amplification observations 
344
The correlation between observed amplification factors and local ampli- 
354
The agreement found between the observations and the predictions pro- 
377
We have isolated and investigated local amplification separately from 378 other effects on surface-wave amplitude, including both attenuation and elas-379 tic focusing. As a result, the derived local amplification factors could also be 380 used as correction factors to constrain these path-dependent effects better. 
